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ABSTRACT 
A COMPARISON OF BOBCAT (LYNXRUFUS) HABITAT SUITABILITY MODELS 
DERIVED FROM RADIO TELEMETRY AND INCIDENTAL OBSERVATIONS 
By 
Derek J. A. Broman 
University of New Hampshire, May 2012 
Habitat suitability models derived from data obtained from radio telemetry and 
citizen observations were developed to evaluate habitat selection of monitored bobcats, 
compare statewide habitat suitability models and maps developed using locations from 
telemetry and citizen observations, and produce statewide population estimates. In the 
winter of 2009-2010, adult bobcats were captured in southwest New Hampshire and 
equipped with GPS tracking collars. GPS locations were used to calculate home ranges 
and to build habitat suitability models using resource selection functions (RSF) following 
a used vs. available design. RSFs were also applied to recent reported statewide 
sightings. Comparisons between these two approaches did not support the use of 
solicited sightings to manage a statewide bobcat population. Statewide abundance 




It is essential for wildlife biologists to identify animal-habitat associations for the 
conservation and management of a species (Boyce and McDonald 1999, Manly et al. 
2002). As a result, a variety of approaches have emerged that are used to identify biotic 
and abiotic features that affect the distribution and abundance of a particular species. 
Among the factors a researcher must consider when selecting an approach to investigate 
how animals respond to habitat heterogeneity is the spatial scale at which the information 
is gathered and subsequently applied. 
Sampling techniques used to identify animal-habitat associations and habitat 
selection that are limited to small focal areas include direct sampling techniques. Direct 
and intensive sampling often includes captures and radio telemetry (Litvaitis et al. 1992) 
and have typically been the chosen option in the study of carnivore ecology (Gompper et 
al. 2006). Global positioning system (GPS) telemetry provides researchers with many 
locations over a relatively short time, facilitating investigations at fine spatial and 
temporal scales (Johnson et al. 2008, Martin et al. 2009). Although this technology can 
be expensive and prone to biases (e.g., differential detection among habitats; Mattisson et 
al. 2010), GPS telemetry can be an effective tool for obtaining location information from 
animals that occur at low densities and often occupy inaccessible locations (Girard et al. 
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2002, Martin et al. 2009). However, such an approach may be impractical for studies 
addressing questions at large geographic scales (e.g., statewide), and are thus often 
constrained to a particular study area (Gompper et al. 2006). Additionally, the high cost 
of GPS telemetry collars often results in researchers sampling fewer individuals, resulting 
in weak inferences about a population (Hebblewhite and Haydon 2010). 
Alternatives to GPS telemetry capable of addressing questions at large scales 
include camera traps, track-plates, scent stations, snowtracking, scat surveys, and 
incidental observations. Although these are all relatively inexpensive, they may be 
hindered by climate (i.e., snow needed for track surveys) and observer bias (Litvaitis et 
al. 1992, Gompper et al. 2006). Long et al. (2011) used scat surveys, hair snares, and 
camera traps to model habitat of black bears (Ursus americanus), fishers (Martes 
pennant), and bobcats (Lynx rufus) throughout Vermont. Observations by citizen 
volunteers can also occur over large geographic areas and at low cost (Quinn 1995, Gese 
2001). For example, Kautz et al. (2000) used sightings to estimate realtive bobcat 
densities in portions of New York and Woolf et al. (2002) used sightings to estimate 
bobcat densities and habitat suitability in southern Illinois. Using a similar approach, 
Linde (2010) extrapolated a habitat model derived from information from bowhunter 
surveys to estimate bobcat distribution and relative abundance in Iowa. 
There are a variety of assumptions and possible limitations associated with 
sightings data that may limit their utility, including accurate animal identification and 
restricted spatial and temporal sampling (Quinn 1995, Gese 2001, Wilson and Delahay 
2001, Woolf et al. 2002). However, for rare or secretive species, sightings may be the 
only available source of data (Quinn 1995, Palma et al. 1999, Woolf et al. 2002), and 
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such information is becoming more available due to increasing popularity of such devices 
as camera traps. For example, Balme et al. (2009) used camera-trap techniques to 
produce density estimates of leopards (Panthera pardus). These estimates were similar 
to those obtained from telemetry data, but at a considerably lower cost (Balme et al. 
2009). 
Regardless of the sampling approach, information on habitat selection can be used 
to develop predictive models in geographic information systems (GIS) (e.g., Clark et al. 
1993, Lovallo et al. 2001, Woolf et al. 2002). These models can be constructed with 
information on geographic distribution and habitat requirements to predict relative 
abundance over large spatial scales (e.g., Wilson and Delahay 2001, Boyce et al. 2002). 
Such models would be valuable in New Hampshire, where little is known about the 
current abundance and distribution of bobcats. Bobcats have been protected in New 
Hampshire since 1989, and populations seem to be increasing (Litvaitis et al. 2006, 
Roberts and Crimmins 2010). Current information on bobcat distribution in the State is 
limited to incidental sightings and captures plus vehicle-related mortalities (Litvaitis et al. 
2006). 
Based on the lack of information on bobcat habitat needs and abundance in New 
Hampshire, I examined bobcat habitat use using two distinct approaches: GPS telemetry 
within a restricted study area and citizen observations from throughout the State. Data 
from these two approaches was then used to generate habitat models and habitat-
suitability maps. Models were compared to determine if there was agreement among 
covariates. If comparisons between the models and their outputs suggest similarity, 
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sightings models could be deemed a valuable and economical tool with by which to 
assess the status of bobcats over a large area at modest costs. 
Organization of Following Chapters 
In Chapter II, I examined bobcat habitat use by comparing habitat models 
developed using GPS telemetry and citizen observations. I then used the most 
biologically supported habitat model and several approaches to construct estimates of 
potential abundance and present the techniques and abundance estimates in Chapter III. 
Each technique included information on bobcat habitat requirements and produced 
estimates of statewide bobcat carrying capacity. Habitat information introduced in 
Chapter II and abundance estimates introduced in Chapter III were interpreted and used 
to make suggestions relevant to monitoring and managing bobcats within the State and 
presented in Chapter IV. 
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CHAPTER II 
COMPARISON OF BOBCAT HABITAT MODELS 
IN NEW HAMPSHIRE 
Identifying wildlife-habitat associations is necessary for the conservation and 
management of a species (Boyce and McDonald 1999, Manly et al. 2002). Such 
information can be used to develop predictive models of relative animal abundance in 
geographic information systems (GIS) (e.g., Clark et al. 1993, Lovallo et al. 2001, 
Nielsen and Woolf 2002). These models would be valuable in New Hampshire, where 
little is known about the current abundance and distribution of bobcats. Bobcats have 
been protected in New Hampshire since 1989, and populations seem to be increasing as 
suggested by a recent increase in incidental sightings and captures plus vehicle-related 
mortalities (Litvaitis et al. 2006). 
To identify bobcat-habitat associations, a variety of approaches are available to 
identify biotic and abiotic features that affect the distribution and abundance of a 
particular species. Sampling techniques used to identify wildlife-habitat associations and 
habitat selection that are limited to small focal areas include direct sampling techniques 
that often include captures and telemetry (Litvaitis et al. 1992). Global positioning 
system (GPS) telemetry provides researchers with many locations over a relatively short 
time (Johnson et al. 2008, Martin et al. 2009) and can be an effective tool for obtaining 
location information from animals that occur at low densities and often occupy 
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inaccessible locations (Girard et al. 2002, Martin et al. 2009). However, limitations of 
telemetry include addressing questions at large geographic scales (e.g., statewide), the 
high cost of GPS telemetry collars often results in researchers sampling fewer individuals 
(Hebblewhite and Haydon 2010), and bias can occur due to a differential detection 
among habitats (Mattisson et al. 2010). 
Alternative techniques to radio telemetry capable of addressing questions at large 
scales include camera traps and surveys/reported observations. However, these 
inexpensive approaches have limitations such as observer bias (Litvaitis et al. 1992, 
Gompper et al. 2006), but for rare or secretive species, sightings may be the only 
available source of data (Quinn 1995, Palma et al. 1999, Woolf et al. 2002) and such 
information is becoming more available due to increasing popularity of such devices as 
camera traps. Use of such techniques has been reported in Illinois (Woolf et al. 2002) 
and Iowa (Linde 2010) where bobcat sightings were used to construct predictive-
statewide habitat models. Those studies assessed the practicality of their techniques by 
comparing their estimates to independent data sources (e.g. additional sightings; Woolf et 
al. 2002) or the covariates of previously composed models (Linde 2010). However, no 
direct comparison was made between predictions of their sightings-based habitat model 
and predictions from a direct sampling-based (e.g. telemetry) habitat model. 
Intensive sampling designs have been the norm for monitoring carnivore species, 
but researchers are always looking for inexpensive and efficient methods to monitor all 
wildlife, especially at larger scales (Gompper et al. 2006). The focus of this Chapter was 
to determine if bobcat habitat selection could be identified using inexpensive and 
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abundant citizen sightings by comparing that technique and its outputs with GPS 
telemetry, an intensive sampling technique. 
METHODS 
Habitat Model Based on Telemetry 
Study Area. Bobcats were captured in an approximately 1,800-km region of 
southwest New Hampshire (New Hampshire Fish and Game Wildlife Management Unit 
H2). This area had the greatest historical harvests and number of recent sightings 
(Litvaitis et al. 2006). Dominant overstory species includes eastern hemlock (Tsuga 
canadenesis), eastern white pine (Pinus strobus), American beech (Fagus grandifolia), 
yellow birch (Betula alleghaniensis), paper birch (Betula papyrifera), northern red oak 
(Quercus rubra), red maple (Acer rubrum), and sugar maple (Acer saccharum). 
Topography is moderately rugged with elevation reaching 965 m above sea level at the 
peak of Mt. Monadnock. Average annual snowfall is between 127-178 cm and average 
annual temperatures are -6° C in the winter and 15° C in the summer (NOAA Climate 
-j t 
Services, 2011). Human population density is approximately 42/km (Cheshire County, 
NH, 2010 Census Data; US Census Bureau, 2011). Maintained road density within the 
study area is 1.4 km/km . 
Capture and Monitoring. Private trappers were contracted by New Hampshire 
Fish and Game Department from November 2009 to March 2010 and bobcats were 
captured with baited box traps. Adult size bobcats were anesthetized with an 
intramuscular injection of ketamine HC1 and xylazine HC1 (5:1,10 mg/kg) (Tucker et al. 
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2008). Gender was determined and approximate age was based on weight and tooth 
condition. Animals weighing less than 4.5 kg and showing little sign of tooth wear or 
gum recession were classified as juvenile and released. A vestigial molar was extracted 
to determine exact age by cementum analysis (Crowe 1975). Males weighing more than 
9.0 kg and females weighing more than 6.5 kg were equipped with a numbered ear tag 
and a Global Positioning System (GPS) radiocollar. GPS collars included Sitrack drop­
off collars (Internal Release, 220g, Sirtrack Limited, Havelock North, New Zealand) and 
Lotek Wildcell collars (Wildcell, 270g, Lotek Wireless, Newmarket, Ontario, Canada). 
Tissue samples and morphometric measurements were obtained and individuals then 
received a subcutaneous penicillin injection and an intravenous injection of reversal 
(yohimbine). Bobcats were released on site once they fully recovered. All study animals 
were handled in accordance with University of New Hampshire Institutional Animal Care 
and Use Committee (Protocol #081201, Appendix A). 
Attempts were made to locate bobcats within 36 hours of release to confirm that 
the collar was functioning and that the bobcat was active. General locations of bobcats 
were obtained every 2-8 weeks via ground telemetry or fixed-wing aircraft and yagi 
antennas. These locations were not included in subsequent analysis. When a collar VHF 
signal indicated mortality or collar release, ground telemetry and homing were used to 
locate and recover the collar. Bobcats with auto-release collars that failed to drop off 
were recaptured the following winter (2010-2011) using the same protocol as initial 
captures. 
Both collar models include VHF and GPS capabilities as well as a timed mortality 
beacon. Sitrack and Lotek GPS collars obtained a fix every 7 and 5 hours, respectively. 
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Locations were downloaded from Sitrack collars after dropoff (September 1, 2010), 
whereas the Lotek collars sent locations via short message services (SMS messages) to a 
receiving ground station. A screening technique was used that removed GPS locations of 
high error due to poor satellite geometry. The number of satellites used in obtaining a 
GPS location is indicated by a fix being 2-dimensional (3 satellites) or 3-dimensional (>4 
satellites). A measurement of accuracy (positional dilution of precision: DOP) also 
accompanied each GPS location. As GPS location error increases with fewer satellites 
and increasing DOP, my screening technique consisted of removing 2-dimensional (2D) 
fixes with a dilution of precision greater than 5.0 (Lewis et al. 2007). This technique was 
selected because it removed highly inaccurate locations while retaining as much data as 
possible. 
Home Range Estimation. Composite home ranges were calculated using a fixed 
kernel density estimator with least squares cross-validation used for bandwidth selection 
(Worton 1989, Seaman and Powell 1996, Millspaugh et al. 2006) using the Home Range 
Extension (Hooge and Eichenlaub 1997) for ArcView 3.3 (Environmental Systems 
Research Institute, Redlands, CA, USA). Home ranges were based on a minimum of 30 
locations (Seaman and Powell 1996) and 95% utilization distributions (UD) and core 
areas (50% UD, Powell 2000, Tucker et al. 2008) were plotted. 
Taking into account bobcat behavior, annual climate change in New Hampshire, 
and data availability, bobcat GPS data was also divided into three seasons (Winter, 1-Nov 
through 31-Mar; Spring rearing, 1-Apr through 15-June; and Summer, 16-June through 
31-Oct) and seasonal home ranges and core areas were estimated using the same 
techniques (Appendix B). 
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Habitat Modeling. Bobcat habitat selection was based on resource selection 
functions (RSF) and a use vs. available design fit to a logistic regression function (Boyce 
et al. 2002, Manly et al. 2002). Resource selection in this design is defined as using a 
habitat feature disproportionately to its availability. Habitat features consisted of 37 
categorical or continuous measurements and were considered as immediate and proximity 
measurements (Table 1). Immediate habitat measurements included such measurements 
as land cover type, slope, elevation, and snowfall, whereas proximity measurements 
included such measurements as road density, distance to stream, and distance to light 
development. 
Common limitations to the use of remotely-sensed digital habitat data include 
identification of sub-canopy features and outdated data. Thus, one such feature I was 
unable to directly identify were ledges (i.e., rocky outcroppings that often run in a 
northwest to southeast direction) because the locations of these features did not occur in 
any digital form that could be used for this analysis. These rugged areas can serve as 
loafing sites (Anderson 1987), escape cover (Anderson 1987, Koehler and Hornocker 
1991, Apps 1996), hunting sites (Koehler and Hornocker 1989, Apps 1996), and denning 
sites (Bailey 1974) for bobcats. Temporal limitations of GIS layers are highlighted when 
examining scrubland habitats. In New Hampshire, the shrub/scrub land cover often 
represents regenerating timber harvests and power line right-of-ways that consist of 
early-successional vegetation. Unlike landscape features such as topography and 
relatively unchanging land uses (i.e., wetlands, roads, streams, etc.), forest management 
and timber harvest is a dynamic process that continuously changes the landscape. 
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Implications of Scale. Assessing habitat selection at multiple scales 
simultaneously can provide a more complete impression of habitat preference (Boyce 
2006, Mayor et al. 2009), so I examined selection at 2 spatial orders (Johnson 1980) 
using 3 methods of analysis. Second order habitat selection compared habitat use within 
home ranges versus available habitat within the study area. Two methods of analysis 
occurred at the third order: habitat use at bobcat locations versus available habitat within 
home ranges and habitat use within core areas versus available habitat within home 
ranges. Use versus available comparisons followed a sampling design of 1:1. For bobcat 
locations versus home-range models, bobcat locations were compared to an equal number 
of randomly generated locations within each home range to represent available habitats. 
Obtaining 'used' locations when comparing areas of use (e.g., core areas and home 
ranges) consisted of generating 100 random locations within the area of use and 100 
random locations within the area of availability (Manly et al. 2002). When examining 
habitat selection at the home range scale, the study area was defined as a minimum 
convex polygon around all bobcat locations. All random locations were generated using 
Hawth's Analysis Tools (Beyer 2004) in ArcGIS 9.3. 
These analyses were applied to composite and seasonal home ranges (Appendix 
C); however, only composite home ranges are discussed in this Chapter. 
Data Evaluation. Prior to model development, a Spearman rank correlation was 
used to identify collinearity between continuous variables. If r > 0.70, the more 
biologically meaningful habitat variable was retained (Appendix D; Saher and 
Schmiegelow 2005). 
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Locations obtained from GPS collars can be highly correlated in time and space 
(Boyce 2006, Dormann et al. 2007). This violates the assumption of independence 
among observations (Hosmer and Lemeshow 2000, Boyce 2006) and may lead to 
inaccurate estimates of variance (Otis and White 1999) and an increased chance of 
committing a Type-I error (i.e., concluding that a pattern or relationship exists when in 
reality one does not; Boyce 2006). To address this, individual bobcats were used as a 
random intercept in a mixed-effect model to allow for spatial autocorrelation between 
locations and unbalanced numbers of locations (Breslow and Clayton 1993, Gillies et al. 
2006). Previously, researchers would censor data until statistical independence was met 
to account for temporal autocorrelation (e.g., destructive sampling, Swihart and Slade 
1985). However, that approach negates the benefits of advanced GPS telemetry that is 
capable of providing large datasets to address detailed questions in wildlife behavior and 
ecology (Cagnacci et al. 2010). In many telemetry studies, large quantities of data must 
be censored to satisfy statistical independence (Gillies et al. 2006). Rather than discard 
data, I considered use of autocorrelation functions (Diggle 1990); however, such an 
approach may not be used with telemetry data from GPS devices set to different fix rates 
(i.e., GPS fix schedules set to different time lags between fixes) or when failed fix 
attempts result in missing data (as in this study). Next, I considered incorporation of 
temporal correlation into the model. However, the statistics package used (lmer function 
in lme4 package, Bates et al. 2011; in R, R Development Core Team 2011) did not permit 
the inclusion of such correlations in the model framework. The issue of autocorrelation 
is acknowledged as problematic (Dormann et al. 2007, Boyce et al. 2010, Fieberg et al. 
2010). I elected not to account for temporal autocorrelation and contend information 
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derived from large datasets were more valuable than information derived from 
statistically independent yet substantially smaller datasets. 
The systematic loss of GPS locations due to habitat features inhibiting satellite 
communication (GPS bias) was addressed by weighting locations by the inverse 
probability of successfully acquiring a GPS fix (Friar et al. 2004, Hebblewhite et al. 
2007). I was unable to conduct collar tests as collars were deployed shortly after they 
were received from the manufacturer, so I relied on information generated by Mallett 
(2012) in nearby Maine. Mallett's (2012) raw collar test data enabled me to calculate the 
probability of acquiring a GPS fix (P/ix) for 3 of my land cover types (light development, 
shrub/scrub, and softwood) using logistic regression to model the probability of a fix 
attempt being successful (1) or unsuccessful (0). For example, Pfix for softwood was 
0.84 and locations in that cover were weighted by a value of 1.19. Locations in light 
development were weighted by 1.01, shrub/scrub by 1.18, and all other land cover types 
by 1.00. These weights ultimately had little influence on model fitness and training. 
Model Training and Testing. Akaike Information Criterion (AIC) values were 
used to determine the best fitting models. I used the top 6-8 best fitting univariate models 
(e.g., lowest AIC values) to develop multivariate models using every possible 
combination of the top variables. Selecting the best fitting models (i.e., ranking by AIC) 
adhered to Burnham and Anderson's (2002) suggestion of selecting the most 
parsimonious model when AAIC < 2.0 (e.g., the model with fewer variables). For the set 
of multivariate models developed at a specific scale, AAIC and 95% model confidence 
set were calculated. To calculate a confidence set for candidate models (i.e., 95% model 
confidence set, Burnham and Anderson 2002), I started with the AIC weight of the top 
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Table 1. Habitat variables used in GIS and justification for use. Asterisk (*) indicates variables removed due to high collinearity ( r > 0.7). 
Habitat Measurement (units) Justification GIS Data Source 
Elevation (m) 
Slope (degrees)* 
Aspect (Flat. N. NE. E. SE. S. SW. W. 
NW) 
Landcover (Open Water. Light 
Development. Heavy Development, 
Disturbed Bareground. Mixedwood, 
Softwood. Shrub Scrub. Agriculture. 
Wetland) 
Snowfall (mm) 
Vector Ruggedness Measurement 
Road Density (km km-) 
Density all roadways, all Road Classes 
Highway Density (km km-)-
Density of Class 1 & II roads (i.e. large, 
high traffic roadways) 
Stream Density (km km-)-
Densitv of all Stream Orders 
River Density (km km:> 
Density of Stream Orders > 3 (i.e. wide 
waterways not easily crossed by bobcats) 
Distance to Edge (m) 
Bobcats prefer areas of low elevation 
(Lovallo and Anderson 1996) 
Bobcats have been found in ledges and 
areas of high slope (McCord 1974) 
Aspect influences sun exposure and 
consequently snow depth and vegetation 
Bobcats prefer particular land cover tvpes 
(Freeman 2010) 
Snowfall has negative impacts on 
movement and survival (Litvaitis et al. 
1986) 
Bobcats have been found in ledges and 
rugged terrain (McCord 1974) 
Roads have a negative impact on bobcat 
survival (Litvaitis and Tash 2008) 
Highways have a negative impact on 
bobcat survival (Litvaitis and Tash 2008) 
High stream densities seem to be 
associated with areas of high historical 
harvest in New Hampshire 
High river densities seem to be associated 
with areas of high historical harvest in 
New Hampshire 
Forest edge can be a source of high prey 
abundance and a travel corridor for 
predators. 
USGS Digital Elevation Model (DEM) 
DEM Spatial Analyst calculation 
DEM Spatial Analyst calculation 
2006 National Land Cover Dataset (2006 
NLDC) collapsed into 9 categories deemed 
similar to bobcats 
Spatial Analyst calculation- Sum of mean 
winter month precipitation (Oct-Mar) from 
1971-2000 
VRM Tool calculation that uses slope and 
aspect to produce ruggedness value 
(Sappington et al. 2007) 
Spatial Analyst calculation using a search 
radius of 1.3 km (mean daily absolute 
distance traveled by monitored bobcat) 
Spatial Analyst calculation using a search 
radius of 1.3 km (mean daily absolute 
distance traveled by monitored bobcat) 
Spatial Analyst calculation using a search 
radius of 1.3 km (mean daily absolute 
distance traveled by monitored bobcat) 
Spatial Analyst calculation using a search 
radius of 1.3 km (mean daily absolute 
distance traveled by monitored bobcat) 
Landscape Fragmentation Tool (Vogt et al. 
2007) and Analysis Tool calculation 
Habitat Measurement Justification GIS Data Source 
Distance to Stream (m)-
Nearest stream of any Stream Order 
Distance to River (m)-
Nearest stream with a Stream Order > 3 
(i.e. wide waterways not easily crossed by 
bobcats) 
Distance to Road (m)-
Nearest roadway of any Road Class 
Distance to Highway (m)*-
Nearest roadway of Road Classes 1 or 2 
(i.e. large, high traffic roadways) 
Distance to Open Water Land Cover (m) 
Distance to Light Development Land 
Cover (m)* 
Distance to Heavy Development Land 
Cover (m) 
Distance to Disturbed Bareground Land 
Cover (m) 
Distance to Shrub Scrub Land Cover (m) 
Distance to Agriculture Land Cover (m) 
Distance to Wetland Land Cover(m) 
Bobcats prefer riparian habitats (Woolf et 
al. 2002. Tucker etal. 2008) 
Bobcats prefer riparian habitats 
(Woolf et al. 2002. Tucker et al. 2008) 
Roads have a negative impact on bobcat 
survival (Litvaitis and Tash 2008) 
Highways have a negative impact on 
bobcat survival (Litvaitis and Tash 2008) 
Proximity may indicate access to open 
water 
Proximity measurement may indicate 
avoidance of developed areas 
Proximity measurement may indicate 
avoidance of developed areas 
measurement accounted for this 
Proximity measurement may indicate 
avoidance of disturbed areas 
Proximity may indicate access to 
scrublands 
Proximity may indicate access to 
agriculture 
Proximity may indicate access to 
wetlands 
NH Digital Flowline and Analysis Tool 
calculation 
NH Digital Flowline and Analysis Tool 
calculation 
All NH & VT Road layers and Analysis 
Tool calculation 
NH & VT Road layers and Analysis Tool 
calculation 
2006 NLCD and Analysis Tool calculation 
2006 NLCD and Analysis Tool calculation 
2006 NLCD and Analysis Tool calculation 
2006 NLCD and Analysis Tool calculation 
2006 NLCD and Analysis Tool calculation 
2006 NLCD and Analysis Tool calculation 
2006 NLCD and Analysis Tool calculation 
ranking model and added the AIC weights of the next highest ranking models until the 
sum reached 0.95. The number of competing models used to reach that sum was the 95% 
confidence set, and the higher the set value the higher the uncertainty associated with 
determining the best fit model. 
Validation of the top multivariate models was done using a &-fold cross-validation 
technique that evaluates a model on its ability to predict animal locations (Boyce et al. 
2002, Johnson et al. 2006). This technique consisted of randomly partitioning data into k 
subsets and then conducting iterative model training and testing (Boyce et al. 2002) using 
a normalized, equal-area, moving-window average binning technique (Wiens et al. 2008). 
The products of the A:-fold cross validation technique (i.e., mean fold Spearman rank 
correlation coefficient 'r/, standard deviation, and /?-value) were used to identify the best 
predictor model (Wiens et al. 2008). 
Development of Statewide Map of Suitable Habitats Based on Telemetry 
Locations. The best predictor RSF model examining core area habitat selection was used 
to develop a map of bobcat habitats because it is often assumed that core areas 
encompass the highest densities of resources and are more important to an animal than 
other portions of its home range (Powell 2000). This scale also appeared to be the best 
scale for analysis using reported sightings. RSF values were normalized (0 to 1) 
producing a relative probability of use for each 90x90 m map unit in New Hampshire. I 
defined suitable habitat as map units with a RSF > 0.5 (Burdett et al. 2010). 
As map units are relatively small (8,100 m2), it was difficult to comment on the 
distribution of suitable habitats at the statewide scale (Figure 1). Therefore, I examined 
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the quantity of suitable habitat within New Hampshire 6th level (12-digit Hydrologic Unit 
Code) subwatersheds (USGS et al. 2011). I could have used other measurements, such as 
percent composition of suitable habitat within subwatersheds, but quantifying the amount 
of suitable habitat was a better aid for identifying areas with large or small amounts of 
suitable habitat. As the name implies, subwatersheds are sub units of watersheds and 
were selected as a unit of area because they are considerably larger than 90x90 m map 
units (in New Hampshire n =327, x =87.3 km , SD=36.0), allowing for model 
comparisons to be made at the landscape scale but still small enough to identify 
differences in suitable habitat abundance and distribution. The boundaries of 
subwatersheds are also much less subjective than township or county boundaries because 
they are delineated by surface drainage basins. Linde (2010) used subwatersheds as a 
scale of habitat analysis and comparisons for many of the same reasons, but also 
suggested these subwatersheds or drainages are visible to bobcats on the landscape and 
may serve as corridors or barriers to movement. 
The location-telemetry model might also be a valuable approach for modeling 
statewide habitat as it had the most objective sampling design because used locations 
consisted of GPS locations and not locations randomly generated within an area of use. 
As a result, I developed a habitat suitability map and suitable habitat by subwatershed 
map using the location model as an additional source for identifying statewide suitable 
habitat. 
17 
Habitat Model Based on Citizen Observations 
Bobcat observations were solicited from a project-based website 
(http://mlitvaitis.unh.edu/Research/BobcatWeb/bobcats.htm). Locations from May 2008 
through February 2011 were ranked from 1-3 based on my ability to locate them on a 
map. Sightings that contained a house address or geographic coordinates received a rank 
of 1. Those that included more general descriptions such as a distance from a major 
intersection were ranked a 2. Sightings that contained only a general location (e.g., 
'sighted on Route 4' or 'Deerfield Township') received a rank of 3. Only locations 
ranked a 1 or 2 were used in analysis. 
Each sighting location was likely the product of a bobcat preferring an immediate 
or proximate habitat feature. To determine habitat selection in that area, analysis 
occurred at a scale similar to the core-area telemetry model (third order habitat selection) 
where habitat use within a core area was compared to available habitat within a home 
range. Following that design, circular buffers were centered on each sighting location 
(Johnson et al. 2006, Atwood and Gese 2010) that were equal to the area of a core area 
(2.5 km2) and home range (29.7 km2) of a female bobcat observed in this study 
(Appendix B) and within the range of female home ranges observed in adjacent states 
(Maine = 33 km2, Litvaitis et al. 1986; Vermont = 22.9 km2, Donovan et al. 2011). Used 
and available locations were obtained by generating 100 random points within the core 
area and home range buffers. All 37 habitat measurements were obtained in GIS for 
every used and available location. Variable screening and sightings model development 
and validation followed procedures for the habitat model based on telemetry locations 
except that the random effect was now each sighting and there was no sample weighting. 
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Development of a habitat suitability map also followed the methods using telemetry 
locations. 
Evaluation of Habitat Models 
A comparison of model selection confidence between the top core-area and 
sightings models was assessed using 95% model confidence sets and comparisons of 
predictability was assessed using mean Spearman rank correlation coefficients. I 
compared model covariates to determine if there was any similarities, and if so, was the 
relationship between shared covariates consistent (i.e., was the sign of the coefficients the 
same between shared covariates). I then compared habitat suitability maps with recent 
sightings. To determine if there is agreement on the distribution and abundance of 
suitable habitat between the telemetry model and the sightings model, I first ranked 
subwatersheds by the amount of suitable habitat for each model. For the 50 highest and 
50 lowest subwatersheds identified by the telemetry model, I tallied the number of 
subwatersheds that were also present in the 50 highest and 50 lowest subwatersheds 
according to the sightings model. The amount of overlap (i.e., large or small number of 
similar subwatersheds) indicated the level of agreement between models on areas with 
high or low amounts of suitable habitat. For example, if the telemetry model and 
sightings model suggested the same 50 subwatersheds contain the most suitable habitat, 




Twelve adult bobcats (10 M, 2 F) were captured and fitted with GPS collars 
(Appendix E). Data were obtained from 11 (10 M, 1 F), with 115-970 locations per 
individual. After screening for error, 4,583 locations spanning November 2009 to 
December 2010 were available for analysis (Appendix F). Mean composite home ranges 
and core areas for males were 93.5 km and 11.6 km , respectively, whereas those for the 
female were 29.7 km and 2.5 km (Figure 1, Appendix B). The minimum-convex 
polygon generated by using all bobcat locations served as the effective study area for 
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investigating habitat selection at the home-range scale was 2,257.9 km (Figure 2). 
Habitat Model Based on Telemetry 
Top predictor models for the GPS location, core area, and home-range scales were 
among the top ranking AIC multivariate models at each scale as indicated by low AAIC 
scores (Table 2). That indicated the top predictor models also had good fit. In the k fold 
technique, the number of bins is arbitrary (Pearce and Boyce 2006, Wiens et al. 2008) so 
I started with 6 bins. However, when technique outputs (i.e., mean Spearman correlation 
coefficient (rs), standard deviation, and p-value) for competing multivariate models were 
identical, I increased the number of bins to 10 and repeated the technique to observe a 
difference between outputs. Such was the case for the core-area model and therefore, 
only general comparisons of A:-fold technique outputs between spatial scales could be 
made. 
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Figure 1. Composite home ranges of 11 GPS collared bobcats (10 M, 1 F) in southwest 
New Hampshire within New Hampshire Fish and Game Wildlife Management Unit H2 
(dark outline). Home ranges were calculated using a fixed-kernel density estimator and 
bobcat locations from November 2009 to December 2010. 
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Figure 2. Minimum-convex polygon (2,257 km2) in southwest New Hampshire created 
around bobcat locations obtained from November 2009 to December 2010. Minimum-
convex polygon was used in the home range telemetry habitat selection model. 
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Table 2. Fit and predictability for each habitat selection model developed using bobcat telemetry 
locations in southwest New Hampshire from November 2009 to December 2010 and statewide 
citizen sightings from May 2008 to February 2011. Values are for the best predictor model for 
each spatial scale, therefore 'A AIC score' is calculated from the best fit multivariate model in 
that scale and comparisons of that value and other habitat models should not be made. 95% 
model confidence set indicates the amount of certainty associated with selecting the best fitting 
models at that scale (i.e., higher numbers of models in the confidence set indicates higher model 
uncertainty). The closer model mean rs value is to 1.0, the higher correlation between frequencies 
of RSF values and bin number and the higher the model predictability. Only models with the 
same number of bins can be compared, but in this case a higher bin number indicates better 
predictability. 
Habitat Model n Variables A AIC score 
»$•/• Model 
Confidence Set Mean r, 
k-fold validation 
Mean SD MeanJ» 
Bin 
Number 
OPS Location Telemetry 7 1.281 31 0.9556 0.0608 0.0019 6 
Core Area Telemetry 7 0 6 0.7556 0.3734 0.0732 10 
Home Range Telemetry 4 0.908 30 0.7662 0.2650 0.0537 6 
Sightings 6 1.976 13 0.9857 0.0319 < 0.001 10 
There were a large number of models in the location-telemetry model 95% model 
confidence set indicating high uncertainty in selecting the best fitting model; however the 
location model was good at predicting bobcat locations (Table 2). This model suggested 
bobcats selected for wetlands, scrublands, riparian areas, areas of low elevation, and used 
developed lands, mixedwoods, and northwest aspects less than they were available (Table 
3). The core area habitat selection model predicted well based on &-fold outputs and had 
a small 95% model confidence set (Table 2). At this scale, bobcats selected areas at low 
elevations, low stream densities, and for wetlands (Table 3). Core areas also were 
characterized by longer distances from roads and forest edges, while heavily developed 
areas and east-facing slopes were used proportionally less than suggested by their 
availability. The top model at the home-range scale did not predict well and had a 95% 
model confidence set slightly less than the location-based model (Table 2). Home ranges 
encompassed areas of low elevation, low snowfall, and low stream density but in close 
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proximity to agricultural fields, wetlands, and rivers (Table 3). This model also 
suggested home ranges were located in close proximity to highly-developed habitat. 
Literature on other bobcat habitat studies seem to support the covariates of the 
location-telemetry model more than the other telemetry models and suitable habitat 
delineated by the model included 8,793 km2 or 38% of the land area of New Hampshire 
(Figure 3). The distribution of suitable habitat by subwatershed was arranged such that 
subwatersheds that contained less suitable habitat occur in north central portions of New 
Hampshire (e.g., White Mountains regions) whereas subwatersheds in all other portions 
of the State contained greater amounts of suitable habitat (Figure 3). 
The core-area telemetry model was used to compare the sightings model and 
suitable habitat delineated by the core-area model included 14,584 km or 63% of the 
land area of the State (Figure 4). The distribution of suitable habitat by subwatershed was 
generally divided east and west. Subwatersheds in western New Hampshire contained 
less suitable habitat whereas subwatersheds in eastern New Hampshire contained higher 
amounts (Figure 4, Figure 5). 
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Table 3. Names, coefficients, standard errors, and p- values of habitat variables present in telemetry and sightings models. Telemetry models 
identify habitat selection at bobcat GPS locations, core areas, and home ranges from GPS telemetry data collected from November 2009 to 
December 2010 in southwest New Hampshire. The sightings model identifies habitat selection using solicited public sightings collected statewide 
from May 2008 to February 2011. All models were created using Resource Selection Functions following a used vs. available design. 
GPS Locations Core Area Home Range Sightings 
Variable ft SE P P SE P B SE P P SE P 
Intercept 0.0815 0.0835 0.329 1.3070 0.2653 <0.001 2.9170 6.9430 <0.001 0.1968 0.0208 <0.001 
Wetland 0.9976 0.0843 <0.001 0.5143 0.1968 0.009 
Mixedwood -0.0791 0.0480 0.099 -0.0383 0.0200 0.056 
Distance to Stream 3J22E-06 1.28E-06 0.012 
Elevation 1.39E-06 2.65E-06 0.601 -3.56E-05 5.91E-06 <0.001 -1.42E-05 6.66E-06 0.033 
Northwest Aspect -0.1919 0.0679 0.005 
Scrubland 0.5345 0.1837 0.004 
Light Development -0.2276 0.1022 0.026 -0.0013 0.0240 0.958 
Distance to Road 4.84E-06 2.00E-06 0.016 -5.50E-06 4.04E-07 <0.001 
Distance to Edge 4.66E-06 2.37E-06 0.050 -4.98E-06 5.59E-07 <0.001 
Heavy Development -14.78 539.8 0.978 
Stream Density -3.56E-05 9.75E-06 <0.001 -4.63E-05 1.02E-05 <0.001 
East Aspect 0.1811 0.1158 0.118 
Distance to Agriculture -1.30E-06 1.20E-06 0.279 -1.90E-06 1.88E-06 <0.001 
Distance to Heavy Development -4.27E-07 2.96E-07 0.150 
Distance to River -1.12E-06 8.06E-07 0.165 
Distance to Wetland -2.90E-06 1.38E-06 0.035 
Snowfall -2.30E-05 1.19E-05 0.053 
Highway Density 1.99E-05 1.88E-03 <0.001 
Habitat Model Based on Citizen Observations 
A total of 411 sightings were reported from 162 townships and were reported 
consistently over the span of solicitation. 298 were ranked 1 or 2 and used in analysis. . 
Like the core-area model, bin number was increased from 6 to 10 during /c-fold validation 
to observe differences in technique outputs between competing multivariate models. The 
sightings model predicted well based on k-fo\d outputs and had a low 95% model 
confidence set (Table 2). The resulting model suggested bobcats selected areas close to 
agriculture, forest edge, roads, and areas with high highway density. This model also 
indicated mixedwoods and light development were used less than expected (Table 3). 
Suitable habitat as delineated by the sightings-based model included 16,685 km2 
or 72% of the land area of the State (Figure 4), 12% more than the core-area model 
(14,584 km2). The distribution of suitable habitat by subwatershed in the State was 
generally divided north and south. Subwatersheds in northern New Hampshire contained 
less suitable habitat whereas subwatersheds in southern New Hampshire contained higher 
amounts (Figure 4, Figure 5). 
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Figure 3. Bobcat habitat-suitability map (a) and recent bobcat sightings and the amount 
of suitable habitat per subwatershed (b) in New Hampshire for the location-telemetry 
model. The location-telemetry model was developed using GPS telemetry locations from 
bobcats in southwest New Hampshire from November 2009 to December 2010. The 
bobcat habitat-suitability map was constructed by calculating a resource selection 
function (RSF) value for each 90 x 90 m map unit. RSF values are the relative 
probability of habitat use by bobcats in New Hampshire and were assumed to indicate 
habitat suitability with habitats increasing in suitability as RSF approaches 1.0. 
Subwatersheds were selected as a unit of area because they are small enough to identify 
subtle differences in suitable habitat abundance and distribution and less subjective than 
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Figure 4. Bobcat habitat-suitability maps for the core-area telemetry model and sightings model. 
The core-area model was developed using location data from bobcats in southwest New 
Hampshire from November 2009 to December 2010. The sightings model was developed using 
statewide solicited sightings from May 2008 to February 2011. Maps were constructed by 
calculating a resource selection function (RSF) value for each 90 x 90 m map unit. RSF values 
are the relative probability of habitat use by bobcats in New Hampshire and were assumed to 
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Figure 5. Recent bobcat sightings and the amount of suitable habitat per subwatershed for the 
core-area telemetry model and sightings model. The core-area model was developed using 
location data from bobcats in southwest New Hampshire from November 2009 to December 
2010. The sightings model was developed using statewide solicited sightings from May 2008 to 
February 2011. Suitable habitat is defined as map units (90 x 90 m cells) with a RSF > 0.5. 
Subwatersheds were selected as a unit of area because they are small enough to identify 
subtle differences in suitable habitat abundance and distribution and less subjective than 
township or county boundaries. 
Evaluation of Habitat Models 
The core-area telemetry and sighting-based models contained 2 of the same 
covariates (distance to road and distance to forest edge); however, the sign of the 
coefficients differed. The telemetry model indicated selection for areas at greater 
distance from roads and edges whereas the sightings data indicated selection for areas 
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closer to roads and edges (Table 3). The sightings model was better at predicting 'use' 
locations (mean rs 0.986, SD 0.032) than the telemetry model (mean rs 0.756, SD 0.373, 
Table 2). This may have been due to the sampling design consisting of 59,600 data points 
(100 used and 100 available points for 298 observations) compared to 2,200 for the 
telemetry model (100 used and 100 available points for 11 monitored bobcats). 
However, the 95% model confidence set was much smaller for the core-area models (n = 
6) compared to the sightings models (n = 13), indicating that there is more certainty in 
selecting the best-fitting telemetry model amongst competing core-area telemetry models 
than when selecting the best-fitting sightings model (Table 2). 
Although there are some differences among models, both indicated the greatest 
density of suitable habitat occurred in central New Hampshire and the lowest densities 
occurred in northcentral portions of the State (e.g., White Mountains regions) (Figure 4 
and Figure 5). Recent reported sightings occurred in or near subwatersheds identified as 
having high amounts of suitable habitat according to the sightings model, and the 
telemetry model was also good at predicting recent sightings (Figure 5). The sightings 
model agreed with 32 of the 50 (64%) subwatersheds the telemetry model depicted as 
containing the most suitable habitat but only agreed with 23 of the 50 (46%) of the 
subwatersheds the telemetry model depicted as containing the least amount of suitable 
habitat (Figure 6). 
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Figure 6. Maps highlighting subwatersheds with the largest and smallest amounts of suitable 
bobcat habitat as determined by the core-area telemetry model and sightings model. Suitable 
habitat is defined as map units (i.e., 90 x 90 m cells) with a RSF > 0.5. New Hampshire consists 
of 327 subwatersheds. 
DISCUSSION 
Bobcat Habitat in New Hampshire 
In New Hampshire, bobcat habitat consists of wetlands, scrublands, riparian areas, 
forest interiors, and areas of low elevation and low stream density. The telemetry-based 
models also indicated that bobcats avoided roads and human development. 
31 
The description of bobcat habitat differed between the scales of habitat selection. 
Home-range habitat selection consisted of selecting landscape-scale features of low 
elevation, low snowfall, and low stream density while also occurring near agricultural 
fields, wetlands, heavy development, and riparian zones (Table 3). Core-area habitat 
selection also indicated selection for areas of low elevation, low stream densities, and 
included wetland habitats, but core-area features were also located at higher distances 
from roads and forest edges while heavily developed areas and east aspects were avoided 
(Table 3). Selected habitat features at telemetry locations consisted of wetlands, 
scrublands, riparian zones, areas of low elevation, whereas developed lands, 
mixedwoods, and northwest aspects were not defined as bobcat habitat (Table 3). 
It seemed that each description of habitat became more detailed as the order of 
selection increased. For example, home-range habitat selection (second order) indicated 
selection for landscape-scale habitat features of low elevation and low stream density, 
whereas core-area habitat addressed those landscape-scale features but included detailed 
features such as areas at higher distances from roads and forest edges. This trend was 
also observed with habitat at bobcat telemetry locations (third order) as habitat consisted 
of immediate features such as wetlands, scrublands, and riparian zones. This was likely 
an example of bobcats selecting proximate factors (factors that encourage an animal to 
occupy an area such as slope or elevation) at the home-range scale and ultimate factors 
(factors associated with survival and reproductive success such as prey availability) at the 
core-area and telemetry-location scales (Hilden 1965). 
Although it seems odd that the telemetry models indicated bobcats would select 
for riparian habitat but against areas of high stream density, the cause of high stream 
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density (i.e., topographic variation) was considerable enough to possibly cause this 
difference in preferences. Other studies have reported bobcat preference for low 
elevations (Koehlerand Hornocker 1989, Fox 1990, Lovallo and Anderson 1996), but 
that selection may be a consequence of habitat features associated with low elevations. 
For example, wetlands and riparian areas often occur at low elevations. Also, high 
elevations in the study area generally have steeper slopes and topographic variation 
resulting in greater stream density. Selection for low elevation, therefore, may be a 
consequence of the favorable habitats that occur at low elevations. 
The core-area telemetry model had the smallest AAIC score and 95% model 
confidence set of the telemetry models, was a good predictor (Table 2), and was used to 
compare the sightings model. However, the telemetry-location model seemed to be the 
most supported telemetry model when examining model covariates and how they 
influence extrapolation. The telemetry-location model included covariates that indicated 
bobcats preferred wetlands, scrublands, and riparian areas, while using lightly developed 
areas and northwest aspects (possibly due to low sun exposure) less than they were 
available (Table 3, Figure 3). Preference for low elevations has already been discussed. 
Bobcat preference for wetlands (or bogs) has been recorded in western Maine (Major and 
Sherburne 1987), western Massachusetts (Berendzen 1985), and Vermont (Donovan et al. 
2011). Preference for scrublands that consist of early-successional vegetation and use of 
mixedwoods less than they were available was reported in Vermont (Donovan et al. 
2011) whereas riparian zones were preferred by bobcats in Iowa (Tucker et al. 2008) and 
Illinois (Woolf et al. 2002). Koehler and Hornocker (1991) reported bobcats selected for 
south/southwestern facing slopes that receive high sun exposure, and therefore lower 
33 
snow depths. That may indicate why the location-telemetry model indicated bobcats 
avoided northwestern slopes that receive low sun exposure. Extrapolation of the 
location-telemetry model produced a habitat-suitability map that identified those habitat 
features. 
The core-area model identified forest interiors, areas of low stream density, and 
wetlands as bobcat habitat, but was strongly influenced by low elevation and placed little 
emphasis on the importance of the previously mentioned cover types (Table 3). Thus the 
core-area habitat-suitability map identified areas of low elevation and stream density and 
failed to recognize important cover types. 
Although the home-range telemetry model was the only model to include 
snowfall, I feel this model was the least supported of the telemetry models when 
examining model covariates. That model indicated bobcats used riparian areas, areas of 
low elevation, low stream density, and near agricultural fields and wetlands, but the 
model also indicated bobcat habitat was near heavy development (Table 3). That 
indication was a concern because the other telemetry models and studies have reported 
bobcats avoiding human development. It seems the location and orientation of the 
minimum-convex polygon used in the sampling design for that scale of analysis was 
likely why the model indicated preference for areas near heavy development. 
Limitations of Extrapolation from a Local Scale 
Limitations on the use of data collected from a local scale are highlighted when 
exploring the implications of snow and roads on habitat selection. Snow depth affects 
bobcat mobility, physical condition, and survival (McCord 1974, Litvaitis et al. 1986), 
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and populations in regions with deeper snow can have a male-biased sex ratio and 
metabolic stress (Lloyd 1990). However, my surrogate measurement for snow depth 
(total snowfall) occurred in only the home-range model (Table 3). The absence of this 
measurement in other models is likely due to the grain of the snowfall GIS layer where 
map units were 30-arc seconds (approximately 600 x 600 m), 6.6 times larger than most 
other GIS layers used in this analysis. This coarseness most likely produced little 
variation between used and available sampling locations. Even if snowfall had occurred 
in the core-area model, it is unlikely that the model could adequately identify the 
influence of snow on a population at the state scale because data was collected from a 
few individuals and in an area of moderate snowfall relative to the rest of New 
Hampshire. One possible option to address this limitation could be to supplement models 
with field sampling or expert opinion to address snow depth and perhaps similar features 
that are best described at a geographic range scale (Litvaitis et al. 2006). 
Although the influence of roadways on habitat selection was apparent in the 
telemetry models, it was not as prevalent as expected as roads have a negative impact by 
fragmenting habitats (Noss et al. 1996) and increasing mortality due to vehicular 
collisions (Litvaitis et al. 1986, Anderson and Lovallo 2003). There were 3 habitat 
variables used in analysis that directly or indirectly represented roadways (e.g., distance 
to road, road density, and highway density; Table 1), but only the core-area model 
suggested road avoidance. Concern is raised that the models may suggest suitable habitat 
resides near large roadways, where in reality these areas may be uninhabitable for a 
bobcat. Perhaps monitored adult bobcats have learned to avoid such detrimental habitats, 
and therefore, their movements reflect the use of productive habitats. For example, 
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female bobcat ID 028 had a core area that was bisected by a highway (annual daily 
average 5,319 vehicles per day), denned less than 200 m from that roadway, but also 
frequently occurred in wetland habitats. She was 10 years old at the time of initial 
capture (11 at recapture), so I would suggest she has learned to deal with roadways while 
utilizing productive habitats. 
Another possibility as to why roads were not as influential as expected is the 
amount of traffic volume associated with these roadways. Traffic volume was not a 
measurement included in analysis but it is likely influential to habitat selection due to 
high traffic areas serving as population sinks from vehicle mortalities. The inclusion of 
traffic volume in model development would add an additional level to road type and 
could reveal strong road avoidance, specifically to those with high traffic volume. 
However, if that variable was included in the telemetry models, concern would 
still be raised about the abilities of extrapolation because traffic volume in the study area 
is considered much lower than in other regions of southern New Hampshire and therefore 
does not adequately represent the full range of traffic volumes observed statewide. 
Therefore, traffic volume as a habitat feature in a model composed using data from 
southwest New Hampshire would likely still fail to recognize the population limiting 
habitat features found in other areas of the State. 
In summary, bobcat habitat consisted of wetlands, scrublands, riparian areas, 
forest interiors, and areas of low elevation and low stream density. It seems that the 
models may be influenced by these potentially productive habitats (i.e., areas associated 
with high prey densities, loafing sites, or denning sites) more than potentially detrimental 
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habitats (i.e., areas associated with high mortality or reduced productivity such as 
roadways and areas of high snow depth). This bias towards productive habitats was 
likely due to data coming from a few individuals at a small, relatively rural scale and 
resulted in the inability to identify population limiting factors like roads. 
Habitat Selection from Sightings Technique 
The sightings habitat model suggested animals used areas near roads, near forest 
edges, and areas with abundant highways (Table 3). The model also suggested selection 
against areas of light development. That was unexpected. However, the model revealed 
that although a sighting may occur in a developed area such as a backyard, the area 
within the buffer zone centered on the sighting consisted of less developed area than the 
home range buffer around it. That suggests that when sightings occur in residential areas, 
those areas are often small in size or in a rural location. Although different spatial scales 
of habitat selection were examined, the sightings model did agree with several covariates 
used in the telemetry models: bobcats used mixedwoods and light development less than 
they were available and used areas near agriculture (Table 3). However, the sightings 
model disagreed with the telemetry models on the use of forest edge and areas near roads 
and it did not recognize the important cover types. The sightings model covariates, 
specifically those that suggest selection for roads, are a cause for concern when 
determining the practicality of this technique. If the sightings model was used to manage 
for bobcat habitat, wetlands and riparian habitat would be ignored while the construction 
of roads, and inevitably forest fragmentation, would be encouraged. 
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The disagreement between the sightings model and telemetry models was due to 
the sampling design, where observations occurred near roadways or open areas (e.g., 
backyards, agricultural areas) and across a large scale. The use of potentially important 
cover types (e.g., wetlands, riparian zones) and other habitat features identified by the 
telemetry models could not be recognized because citizen observers were not in those 
habitats (Kindberg et al. 2010). Also, those features may not be as common in other 
areas of the State and are therefore not easily identified when examining habitat selection 
from sightings data collected at a statewide scale. 
Habitat Distribution 
Both the core area and sightings models indicated that the highest density of 
suitable habitat occurs in central and southeastern New Hampshire (Figure 5 and Figure 
6). However, southeastern New Hampshire is generally considered to contain relatively 
high road and human population densities relative to the rest of the State. Although 
sightings indicated bobcats reside in some of these areas, they may function as population 
sinks as a consequence of high traffic volumes. Litvaitis and Tash (2008) developed 
vehicular collision models for bobcats in southeastern New Hampshire and observed high 
collision probabilities in much of that region. Recent road mortalities of bobcats also 
suggest mortalities are occurring more frequently in areas of high road density (Figure 7). 
There was a moderate amount of agreement between the sightings model and the 
core-area model when identifying the subwatersheds with the greatest amount of suitable 
habitat; however, the sightings model does not agree with the telemetry model when 
identifying those with smallest amounts suitable habitat (Figure 6). I believe this overlap 
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in high ranking subwatersheds occurs due to subwatersheds containing features that are 
suitable according to both models. For example, wetlands are an important habitat to 
bobcats as indicated by the core-area telemetry model, so it makes sense that 27 of the 50 
top ranking subwatersheds indicated by that model were also in the top 50 subwatersheds 
that contained the largest amount of wetland area. Although the sightings model did not 
include wetland as a covariate, 31 of the 50 top ranking suitable habitat subwatersheds 
indicated by the sightings model were also in the top 50 subwatersheds containing the 
largest amount of wetland area. Thus, the sightings model identified areas of suitable 
habitat without consisting of the same habitat variables as the telemetry model. While 
this overlap may be coincidental, it seems that the sightings model may be successfully 
identifying areas of suitable bobcat habitat. The lack of overlap, however, between areas 
of low suitable habitat suggests that the sightings model is not capable of identifying 
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Figure 7. Number of bobcat vehicle mortalities by township from January 2007 to March 2011 (n 
= 57) and road density in New Hampshire. Higher numbers of mortalities per township seem to 
occur in areas of high road density. 
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Utility of Citizen Sightings 
Other studies that used citizen sightings to predict bobcat distribution assessed the 
practicality of their techniques by comparing their estimates to independent data sources 
(e.g., additional sightings; Woolf et al. 2002) or previously composed models (e.g., Linde 
2010). However, in my study I wanted to assess the practicality of the sightings 
technique by making comparisons between it and a telemetry-based approach. 
When comparing habitat models, techniques can range from the simple method I 
used that compared the covariates present in each model and examined the level of 
agreement, to comparing coefficients after covariates have been standardized if the goal 
is to quantify the relative importance of each variable in each model (Long et al. 2009). 
However, I was more concerned with comparing predictions made by the sightings-based 
and telemetry-based habitat models, specifically the abundance and distribution of 
suitable habitat presented in habitat-suitability maps. One method to compare habitat-
suitability maps is to examine each map and test its predictability using independent data. 
For example, the quantity of independent sightings that fall into areas identified as high, 
medium, and low suitable habitat on each map can be quantified and compared between 
habitat models (Sawyer et al. 2007, Rubin et al. 2009). That approach was not used 
because all available sightings were used for model development and no other source of 
bobcat data was readily available. Another method is to test for correlation between the 
habitat-suitability map values for each model (Cianfrani et al. 2010), but that technique 
does not indicate where similarities and differences occur between maps. A final 
approach is to conduct a qualitative comparison between the habitat-suitability maps. For 
example, Long et al. (2009) compared habitat suitability maps developed using two 
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different habitat models by making a visual comparison of similarities and differences 
between maps. While I followed this qualitative approach, I also attempted to 
quantitatively compare the habitat-suitability maps by examining suitable habitat within 
subwatersheds, but the results were difficult to provide a clear assessment. Therefore that 
attempt highlighted the difficulty associated with attempting to make comparisons 
between model outputs and a better method to do so would be desired to better determine 
the practicality of the sightings technique. 
The use of a website to solicit sightings worked well producing many sightings 
over a relatively short period of time. Observations also often contained images that 
greatly aided in confirming sightings were of a bobcat. Sightings brought to attention the 
influence of humans on winter survival as numerous sightings occurred near bird feeder 
or bait sites where bobcats preyed upon wild turkeys and small mammals that frequented 
these locations. Sightings also provide information on range expansion throughout the 
State. However, while the telemetry models have some limitations in identifying range-
scale habitat factors such as snow and roads, the sightings model failed to recognize the 
habitats identified as potentially important by the telemetry models. To improve this 
technique, a sampling technique could be used to aid in identifying these missing features 
such as hunter and trapper observations, and such reports have been solicited for 
monitoring programs for some time (e.g., Gese 2001, Linde 2010). However, such 
techniques may also contain observer-bias and require considerably higher effort and 
finances than the technique explored here. 
This technique of soliciting sightings could be a useful tool if the goal is to simply 
monitor the presence of an increasing carnivore population; otherwise intensive 
42 
monitoring techniques such as telemetry should be used to satisfy goals to identify bobcat 
habitat selection, distribution, and abundance. 
Utility of Telemetry Models for Identifying Suitable Habitat 
The location-telemetry model appears to be the best model for identifying habitat 
features, but the core-area model also helps highlight forest interiors as being important 
habitat. Following these models' suggestions, managing for bobcat habitat includes 
managing wetlands and early-successional shrub/scrub while also trying to preserve 
forest interiors. 
The habitat-suitability map composed using the location- model should be used 
for identifying and managing suitable bobcat habitat in the State (Figure 3). However, 
concern should be raised about what is indicated in Wildlife Management Units (WMU) 
K, L, and M. WMUs K, L, and M contain the highest human and road densities in the 
State (Figure 7), yet the model suggested high amounts of suitable habitat (Figure 8). 
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Figure 8. An illustration of the relationship between the amount of suitable habitat by 
subwatershed using the location-telemetry model and New Hampshire Fish and Game Wildlife 
Management Units (WMU). The location-telemetry model was developed using telemetry data 
from bobcats in southwest New Hampshire from November 2008 to December 2010. Suitable 
habitat is defined as map units (i.e., 90 x 90 m cells) with a RSF > 0.5. 
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CHAPTER III 
Abundance Estimates of Bobcats in New Hampshire 
Little is known about the current abundance and distribution of bobcats in New 
Hampshire. Bobcats have been protected in New Hampshire since 1989, and populations 
seem to be increasing (Litvaitis et al. 2006, Roberts and Crimmins 2010). Current 
information on bobcat distribution in the State is limited to incidental sightings and 
captures plus vehicle-related mortalities (Litvaitis et al. 2006). Due to this lack of 
information, bobcat habitat evaluations from Chapter II were used to develop statewide 
abundance estimates. 
I used 2 techniques to estimate potential bobcat abundances based on approaches 
used by Roloff and Haufler (1997), Lovallo (1999), and Nielsen and Woolf (2002) that 
included some aspect of habitat-area requirements. To compare my estimates with 
surrounding states, I contacted furbearer biologists in the 5 other New England states 
inquiring about the status of their bobcat populations, population size, and how 
abundance was determined. 
Technique 1: Statewide Carrying Capacity 
This technique first consisted of measuring the amount of suitable habitat (RSF > 
0.5) in the State as defined by the location-telemetry model. I then quantified the amount 
of suitable habitat within the home ranges of monitored bobcats (9M, IF) and assumed 
45 
the average amount of habitat observed in these home ranges was the minimum threshold 
of habitat required for a home range. Finally, I divided the statewide amount of suitable 
habitat by this average amount of suitable habitat observed in a home range to produce a 
number of potential home ranges. This technique assumes that home ranges can vary in 
size. Because only 1 female home range was measured, that value of suitable habitat was 
assumed to be the minimum threshold necessary for a female home range. 
This technique indicated that there are 329 male and 623 female potential home 
ranges of resident adult bobcats (sum= 952) in New Hampshire (Table 5), a statewide 
density of 0.04 adult bobcats per square kilometer. 
Table 4. The amount of suitable habitat found in the home ranges of 10 monitored bobcats. 
Bobcat ear tag number (ID), sex, home range size, amount of suitable habitat within home range, 
and percent home range comprised by suitable habitat is presented. The average value (*) was 





Amount of Suitable 
Habitat (km2) 
Percent of Home 
Range 
26 M 72.59 36.68 51% 
27 M 126.59 43.16 34% 
29 M 54.37 22.19 41% 
30 M 103.05 30.93 30% 
31 M 61.57 21.08 34% 
32 M 56.41 20.52 36% 
33 M 59.83 20.59 34% 
34 M 80.18 34.99 44% 
39 M 28.69 10.18 35% 
Male Mean 71.48 26.70* 38% 
28 F 29.69 14.11* 48% 
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Table 5. Values for the calculation of potential home ranges using Statewide Carrying Capacity 
technique that divided the amount of statewide suitable habitat by the mean amount of suitable 
habitat within home ranges of monitored bobcats that served as a minimum threshold for suitable 
habitat. The amount of statewide suitable habitat, minimum amount of suitable habitat per home 
range, and number of potential home ranges are presented. 
State Suitable 
Habitat (km2) Sex 
Minimum Threshold of Home 
Range Suitable Habitat (km2) 
Potential Home 
Ranges Statewide 
8,794 Male 26.7 329 
8,794 Female 14.1 623 
Total: 952 
Technique 2: Home Range Carrying Capacity 
This technique was similar to the statewide carrying capacity technique in that I 
used the location-telemetry model to identify suitable habitat statewide, quantified 
suitable habitat within bobcat home ranges to determine the average amount, and used 
that mean value to determine the minimum amount of suitable habitat in a home range. 
However, I also quantified the amount of overlap of composite home ranges to determine 
the mean amount of overlap between ranges. In 9 accounts of male home range overlap, 
the mean amount of overlap was 10.4 km2 (32% male home range; Min = 0.98 km2, Max 
= 29.80 km2). As there was data for only 1 female and female home ranges are typically 
considered to be exclusive of other females (Anderson and Lovallo 2003), it was assumed 
that there was 0% overlap between female home ranges. 
In GIS, two grids were created: one grid was composed of grid cells equal in size 
to the mean male home range after accounting for mean overlap (63.6 km2, exclusive 
home range) and the other consisted of grid cells equal in size to the home range of 
female bobcat ID #028 (29.69 km2, Table 4). These grids were combined with the 
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suitable habitat map of New Hampshire and the amount of suitable habitat was quantified 
within each cell (Figure 9). Because grid cells were a fixed size, this estimate assumed 
that all exclusive home ranges for each sex were the same statewide. 
Although there was only 1 female home range estimated in this study, I did have 
location data for another female bobcat in the study area. These locations (n = 5) were 
from captures and ground and aerial telemetry from Mar-2010 to Mar-2011 and although 
they were not used to calculate a home range, they provided a good indication of where 
her home range likely occurred. Therefore, when the female minimum suitable habitat 
•y 
value from the Statewide Carrying Capacity (14.11 km , Table 5) failed to recognize the 
grid cell where the other female's home range likely occurred as a potential home range, I 
chose to use that grid cell's value (10.7 km ) as the minimum threshold of suitable habitat 
required for a potential female home range. Grid cells meeting this minimum 
requirement numbered 339 (Table 6). For the male grid, cells containing a minimum of 
26.7 km2 of suitable habitat (Table 5) were considered potential home ranges and 
numbered 126 (Table 6). Thus this technique estimated 465 potential home ranges for 
resident adult bobcats in New Hampshire, a statewide density of 0.02 adult bobcats per 
square kilometer. 
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Table 6. The values used to calculate the number of potential statewide home ranges using the 
Home Range Carrying Capacity technique where two grids were used: one containing grid cells 
equal to the male mean home range adjusted for mean overlap (i.e., male exclusive home range) 
and the other contained grid cells equal to the home range of female bobcat ID #028. These grids 
were combined with a suitable habitat map of New Hampshire and the amount of suitable habitat 
within each cell was quantified. The values for the minimum threshold of suitable habitat came 
from the mean amount of suitable habitat within known male home ranges and the general area of 
a monitored female home range. Cells containing the minimum amount of suitable habitat were 
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Examining Figure 9 that illustrates an intermediate step in the Home Range 
Carrying Capacity technique, one can speculate that grid cells with high amounts of 
suitable habitat could possibly support more than one individual. Another consideration 
was that grid cells or clusters of cells with low amounts of suitable habitat would require 




Suitable Habitat per 
Exclusive Home Range 
156 sq km 
< 1.0 sq km 
40 
• •Clone** 
Figure 9. Amount of suitable habitat within male and female exclusive home ranges in New 
Hampshire as indicated by the location-telemetry model. Home ranges and the location-telemetry 
model were developed using telemetry data from bobcats in southwest New Hampshire from 
November 2009 to December 2010. Exclusive home ranges are mean home ranges accounting 
for mean overlap. This map is an intermediate step in estimating Technique 2: Home range 
carrying capacity where home range was determined to be occupied if the amount of suitable 
habitat within it was above a mean threshold determined by examining the amount of suitable 
habitat within known or estimated home ranges. Occupied exclusive home ranges contained 26.7 
km2 suitable habitat for males and 10.7 km2 for females, and yielded estimates of 126 males and 
339 females. 
Bobcats in New England States 
Of the 5 other New England states, 3 have an open harvest but all states have 
bobcats and their populations appear to be increasing. All states record roadkills and 
most record other information such as incidental captures or reported sightings. Maine, 
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Massachusetts, and Vermont monitor harvests and calculate indexes such as 
trapper/harvester success (e.g., the number of trappers that harvested a bobcat divided by 
the number of trappers who harvested other terrestrial furbearers) but harvest data is not 
used to produce an estimate of potential abundance. Two states (Massachusetts and 
Vermont) have estimates of potential home ranges that were derived using information on 
suitable habitat and area requirements and included a population component to address 
yearlings. Massachusetts derived habitat information from bobcat literature to construct a 
density estimate that follows the Statewide Carrying Capacity technique. In Vermont, 
Freeman (2010) used an estimate similar to the Statewide Carrying Capacity technique 
but efforts are currently underway to produce a carrying capacity estimate that is similar 
to the Home Range Carrying Capacity technique. Connecticut, Maine, and Rhode Island 
have no current estimates of bobcat populations or potential home ranges. 
Recommendations 
It is not completely clear as to which potential home range technique should be 
used as both techniques have assumptions and limitations. The statewide carrying 
capacity technique that consisted of dividing the amount of suitable habitat within the 
State by home range habitat requirements, allowed for home ranges to vary in size and a 
similar technique was used in Massachusetts and Vermont. However, this technique 
ignores the arrangement of habitat that, in some cases, may be scattered or separated by 
great distances. That technique also has a value that is nearly twice the estimate of the 
home range carrying capacity technique, but both values seem low yet plausible 
considering New Hampshire's size and landscape. The home range carrying capacity 
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technique included a spatial component that addressed scattered or separated habitat, but 
assumed home ranges were the same size throughout New Hampshire and therein lay one 
of the concerns regarding extrapolation of data collected at a local scale. 
Table 7. The current status of bobcats in the 6 New England states according to information 
obtained from wildlife biologists. Information on the status of a bobcat harvest, current data 
collected and available to wildlife managers, abundance estimates or indexes used to monitor 
population status, and data sources used obtain abundance estimate or index are presented. 
Current Abundance Estimate 
Harvest Available or Index Used to 
State Status Data Monitor Population Estimate Source 




New Closed Sightings, 465-952 Potential Habitat area 
Hampshire Incidental Take, Individuals requirements 
Roadkills and from monitored 
Monitored bobcats 
Individuals 
Maine Open Harvest and Harvester Success Trapper Effort 
Roadkills Data 
Massachusetts Open Harvest, Harvester Success Density 
Sightings and and 1,200 Potential Estimates Using 
Roadkills Individuals Literature 
Derived Habitat 
Requirements 
Rhode Island Closed Sightings and NA NA 
Roadkills 
Vermont Open Harvest, Harvester Success Habitat area 
Sightings, and 2,500-3,500 requirements 
Incidental Take, Potential from monitored 
Roadkills, and Individuals* bobcats 
Monitored 
Individuals 
* = Old estimate. New estimate currently being developed. 
Both techniques quantified the average amount of suitable habitat within each 
male home range and the home range carrying capacity technique also included average 
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home range overlap to estimate a mean male exclusive home range. While those 
techniques served as the most logical approach to estimate statewide abundance, if the 
objective were to estimate a maximum carrying capacity for bobcats in New Hampshire, 
measures of the minimum amount of suitable habitat within a home range and maximum 
overlap observed between home ranges could be used. For example, I used the minimum 
amount of suitable habitat in a home range (10.18 km ; Table 4) and the maximum home 
range overlap (32%, 29.8 km ) to develop maximum abundance estimates using the 
Statewide and home range carrying capacity techniques (Table 8). These maximum 
estimates (864 males for statewide carrying capacity, 431 males for home range carrying 
capacity) are considerably higher than the estimates using mean suitable habitat per home 
range and mean home range overlap (329 males for statewide carrying capacity, 126 
males for home range carrying capacity; Table 8) but illustrate how much estimates could 
change by assuming minimal habitat-area requirements. 
New data from monitored bobcats in southeast New Hampshire could help 
determine if or how home range size varies from one side of the State to the other. 
Analysis on this data has not yet occurred, however initial observations suggest home 
ranges for these southeastern individuals are much smaller than individuals in the 
southwest. If this is true, these smaller area requirements may indicate I underestimated 
statewide abundance. New data would also be useful when developing potential home 
range estimates for females as data for only 1 female was available for this analysis. 
Current monitored bobcats include 4 females and could greatly help support current or 
develop new estimates. 
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Table 8. Comparison of the calculation of the expected and maximum potential male home 
ranges using the statewide carrying capacity technique that divided the amount of statewide 
suitable habitat by a threshold of home range suitable habitat and the home range carrying 
capacity technique that quantified the amount of suitable habitat within exclusive home range 
sized grid cells and determined cells to be occupied if the quantity met a suitable habitat 
threshold. The expected potential home range estimate used mean measurements of suitable 
habitat within male home ranges and mean home range overlap, whereas the maximum potential 
home range estimate used the minimum amount of male home range suitable habitat and 
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Range Suitable 
Habitat 







Mean amount of 
suitable habitat within 
male home ranges 
NA 329 
Minimum amount of 
suitable habitat within 




Mean amount of 
suitable habitat within 
male home ranges 
Mean overlap of 
male home ranges 
126 
Minimum amount of 
suitable habitat within 
a male home range 
Maximum overlap 
observed between 
male home ranges 
431 
Abundance estimates were of resident adult bobcats, but if managers desired to 
develop a population estimate that included juveniles, life tables developed from New 
Hampshire carcasses (if available) or presented in the literature could be combined with 
the resident adult estimates. For example, Rolley (1985) constructed life tables using 
data from harvested and monitored bobcats in Oklahoma that reported adult female 
pregnancy rate, mean litter size, juvenile survival, and population age structure. Similar 
information could be applied to adult female estimates to determine the number of 
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App*»dtx B: Tabte 1. Home range (95 UD) and core area (50 UD) size estimates by season for 11 collared bobcats in southwest New Hampshire. 
Composite is all telemetry locations. Winter 2009 is 1 Nov 2009-31 Mar 2010. Spring 2010 is 1 Apr- 15 June 2010, Summer 2010 is 16 June -
31 Oct 2010. Home ranges and core areas were calculated using fixed kernel density estimators if the number of locations at that temporal scale 
was > 30. 
Winter 2009 Spring 2010 Summer 2010 Winter 2010 
Bobcat 
ID 
Area Area Area Area 
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COMPOSITE AND SEASONAL HABITAT 
SELECTION MODEL COVARIATES 
Taking into account bobcat behavior, annual climate change in New Hampshire, 
and data availability, bobcat GPS data was divided into three seasons: Winter 2009, 1-
Nov-09 through 31-Mar-10; Spring, 1-Apr-10 through 15-June-10; and Summer, 16-
June-10 through 31-Oct-10. For a composite temporal scale, all locations across all 
seasons were used, thus 4 temporal scales of habitat selection were analyzed. For each 
scale, home ranges and core areas were calculated using fixed kernel density estimators 
and a Resource Selection Function using a used vs. availability design was used to 
identify habitat selection. The following tables display the results of RSFs conducted at 
these temporal scales. 
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Appendix C: Table 1. Model covariates and values across all seasons for the GPS location telemetry model. Composite is all locations. Winter 
2009is 1 Nov 2009-31 Mar 2010, Spring2010 is 1 Apr - 15 June2010, Slimmer2010 is 16 June - 31 Oct 2010. 
Composite Winter 2009 Spring 2010 Summer 2010 
Variable P SE P P SE P P SE P P SE P 
Intercept 0.0815 0.0835 0.329 -0.2287 0.1798 0.203 0.1078 0.0542 0.047 0.4548 0.0858 <0.001 
Wetland 0.9976 0.0843 <0.001 0.8873 0.1423 <0.001 0.9638 0.1386 <0.001 0.9866 0.1515 <0.001 
Mixedwood -0.0791 0.0480 0.099 -0.1884 0.7570 0.013 
Distance to Stream -3.22E-06 1.28E-06 0.012 -0.0010 0.0002 <0.001 
Elevation -1.39E-06 2.65E-06 0.601 
Aspect ~ Northwest -0.1919 0.0679 0.005 
Scrubland 0.5345 0.1837 0.004 
Light Development -0.2276 0.1022 0.026 -0.4615 0.1849 0.013 
Distance to Scrubland 0.0003 0.0001 <0.001 
Open Water -0.9453 0.4249 0.026 -0.7435 0.2852 0.009 
Stream Density -0.1819 0.0962 0.059 
Ruggedness 1.4830 0.4105 <0.001 -0.7921 0.4685 0.091 
Highway Density -0.3152 0.1009 0.002 
Softwood -0.1049 0.0818 0.200 
Aspect« North -0.2651 0.1272 0.037 
Distance to Agriculture -0.0032 0.0001 0.002 
Distance to Wetland -0.0001 0.0001 0.174 
Appendix C: Table 2. Model covariates and values across all seasons for the core area telemetry model. Composite is all locations. Winter 2009 
is 1 Nov 2009 - 31 Mar 2010, Spring 2010 is 1 Apr - 15 June 2010, Summer 2010 is 16 June-31 Oct 2010. 
Composite Winter 2009 Spring 2010 Summer 2010 
Variable SE P 0 SE P P SE P B SE P 
Intercept 1.3070 0.2653 <0.001 0.0753 0.1068 0.481 3.3470 0.3764 <0.001 1.2016 0.2040 <0.001 
Elevation -3.56E-05 5.91E-06 <0.001 -0.0055 0.0008 <0.001 -0.0022 0.0007 0.002 
Distance to Edge 4.66E-06 2.37E-06 0.050 0.0004 0.0002 0.067 
Heavy Development -14.78 539.8 0.978 -2.1100 1.0810 0.051 
Stream Density -3.56E-05 9.75E-06 <0.001 -0.3993 0.1131 <0.001 
Wetland 0.5143 0.1968 0.009 0.3693 0.1970 0.061 
Distance to Road 4.84E-06 2.00E-06 0.016 
East Aspect 0.1811 0.1158 0.118 
Southeast Aspect 0.3215 0.1434 0.025 
Distance to Agriculture 0.0004 0.0002 0.010 
Distance to River 0.0002 9.19E-05 0.014 
Distance to Scrubland 
-0.0005 0.0001 <0.001 
Distance to Water -0.0005 0.0001 <0.001 
Distance to Wetland -0.0003 0.0002 0.065 
Road Density -4.84E-05 8.40E-06 <0.001 
Highway Density -1.6940 0.1813 <0.001 
Open Water -0.8803 0.3489 0.012 
Appendix C: Table 3. Model covariates and values across all seasons for the home range telemetry model. Composite is all locations. Winter 
2009 is 1 Nov 2009-31 Mar 2010, Spring 2010 is 1 Apr - 15 June 2010, Summer 2010 is 16 June - 31 Oct 2010. 
VtrUblt 
Composite Wi>t«r 2009 Sprint 2010 Summer 2010 
d SE P B SE P B SE P s SE P 
Intercept 2.9170 6.9430 <0.001 3.3760 0.7951 <0.001 0.37S7 0.1237 0.002 0.8322 0.2174 <0.001 
Distance to Agriculture -1.30E-06 1.20E-06 0.279 
Distance to Heavy Development -4.27E-07 2.96E-07 0.150 -2.05E-06 3.91E-07 <0.001 -1.43E-06 2.6SE-07 <0.001 -7.92E-07 3.17E-07 0012 
Distance to River -1.12E-06 8.06E-07 0.165 
Distance to Wetland -2.90E-06 1.3SE-06 0.035 -6.61E-09 1.72E-06 <0.001 
Elevation -1.42E-05 6.66E-06 0033 -3.55E-05 7.43E-06 <0 001 -2.21E-05 5.90E-06 <0 001 
Snowfall -2.30E-05 1.19E-05 0.053 7.2SE-06 1.40E-05 0.604 
Stream Density -4.63E-05 1.02E-05 <0.001 -4.46E-05 1.11E-05 <0.001 
Road Density -7.2SE-05 8.28E-06 <0.001 







Southeast Aspect -0.3617 0.1414 0.011 0.3222 0.1493 0.031 
Highway Density 1.52E-05 1.38E-05 0.272 2.64E-05 1.53E-05 0.086 
Agriculture 0.2478 0.1728 0.152 
Light Development 0.1647 0.151 0 276 
Northwest Asoect 
-0.3449 0.1535 0.025 
APPENDIX D 
CORRELATION COEFFICIENTS FROM MODEL DEVELOPMENT 
Prior to model development, a Spearman rank correlation was used to identify 
collinearity between continuous variables. If r > 0.70, the more biologically meaningful 
habitat variable was retained (Saher and Schmiegelow 2005). The following tables are 
the correlation coefficients for each habitat model. 
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Appendix D: Table 3. Correlation coefficients for home-range telemetry model. 
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Appendix D: Table 4. Correlation coefficients for sightings model. 
i 
1 H "  
-« © o 
£ 2 g " fl ri 9 1 0 0 9 9  
gND t-- en «n o> o m m A, c t 't «-• o 
- 9 9 9 9 
««o 
3 S 8 " p 
- 9 o o 9 9 9 
9 9 
s = 
*> a 2 5 <=>' 9 
8 
o « « j a » 
o o n o — d 9 d 9 9 9 
§>o >e t -r ** *1 *o 3 o <*< v* O " O o O Q o 
— 9 9 9 d c> 9 d 
«f w "^ 1 M yn m v*t f-J r i O < ? < P » - » O t r < r ~  f S |  < ^ 0 ^ ^ 0 0 0 0  
8r ! , S ! 2 S o r ^ r - 4 «  
c > 9 © 9 9 © c > © ©  
2 2 S !: 8 3 2 
~ *1 r$ « co T* *+ 9 9 o o o o 
n n i S "i i 9 o 9 9 
s 2 
-! 1 
S ~ B 2 3 2 8 d d d 9 9 9 9 
S 2 K s !8 <•1 o P O S 9 d 9 9 o 
3 $ O 
s s s s | » 3 S P r g  =  a  f l o Q p w r ^ O p O p p  0 C » 9 0 0 0 9 9 9 9 0 9 9  
o O Ok 
— £ £ 9 n 
o ^ «* O O © O O oi 9 9 
n «o «*i f- w» r- n F- « & M » *• «r iO « M  ^  ^ 0  ^ o M  ^ O 9 9 9 9 9 9 9 9 l © « : 9 < >  - -
 ^ m ^ » ir» 
. n *1 1 9 9 9 9 9 
J I * i -
74 
Appendix E: Table 1. Bobcat captures by cooperating trappers in southwestern New Hampshire during 2009-2010 field season. Eartag 
number, sex, age, GPS collar brand, and capture locations (town, description, and coordinates) are indicated. 
ID Sex Age 
Collar 
type Date Town Description EASTING NORTHING 
26 M 4 Lotek 11/22/2009 Oilsum Bears Den 723201 4767454 
27 M 2 Lotek 1/13/2010 Westmorland London Rd 714579 4763559 
28 F 10 Lotek 1/16/2010 Hancock Middle Rd 256685 4760304 
Rt. 9. Hutchinson 
29 M 7 Sirtrack 1/19/2010 Antrim Residence 743205 4773625 
30 M 5 Lotek 2/3/2010 Nelson Apple Hill Rd 731213 4761568 
31 M 9 Sirtrack 2/13/2010 Harrisville Prospect St 737321 4759196 
32 M 8 Sirtrack 2/13/2010 Harrisville Hancock Rd 742465 4757868 
33 M 5 Sirtrack 2/22/2010 Alstead Rt. 123, Fuller Horse Farm 718104 4778590 
34 M 3 Sirtrack 3/1/2010 Jaflrev Gilmore Pond 739172 4742717 
35 F 6 Sirtrack 3/6/2010 Jaflrev Gilmore Pond 739182 4742715 
39 M 3 Sirtrack 3/8/2010 Alstead Rt. 123. Fuller Horse Farm 718102 4778592 
cr> 
Appendix F: Table 1. Fix success and quality of locations obtained from GPS collars and their combination to 
comprise the dataset used for analysis. Lotek collars were set to a 5 hour fix schedule and Sirtrack collars were set 
to a 7 hour fix schedule. Data screening consisted of removing 2-dimensional GPS fixes with a dilution of 
precision (DOP) > 5.0. 
Mean Data Mean Percent 
Expected Fixes Mean Fix Fixes Post- Retention (Post- Data Usable vs. 
Data Source Fixes Obtained Success Screening Screening) Expected 
Lotek Collars 4280 3090 71.60% 2846 92.70% 66.20% 
Sirtrack Collars 5470 2240 39.40% 1737 77% 30.51% 
Full Dataset 9750 5330 54.70% 4583 86% 47% 
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